This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



WORLD INTCLLECTUAL PROPERTY ORGANIZATION 
[ntemational Bureau 




PCX 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) Inteitiatiomil Pfttent Classification ^ : 
A61K 47/34, 47/12, 9/22 



Al 



(11) Intematlonai PublicatloD Number: WO 97/32606 

(43) Internatioiial Publication Date: 12 September 1997 (12.09.97) 



(21) International ApplicaUon Number: PCT/EP97/00906 

(22) International FDing Date: 26 February 1997 (26.02.97) 



(30) Priority Data: 

96103391.7 S March 1996 (05.03.96) EP 

(34) Countries for which the regional or 

international application was filed: GB et al. 



(71X72) Applicant and Inventor: GURNY. Robert [CH/CH]; Uni- 
versit^ de Gendve* 30, quai Ernest- Ansemiet, CH-1211 
Gcnive (CH). 

(72) Inventors; and 

(75) Inventors/AppUcants (for US only): ZIGNANI, Monia 
[CH/CH); 3, rue G.-ReviUiod, CH-1227 Les Acacias (CH). 
TABATABAY, Cyrus ICH/CH]; 27, chemin des Rouettes, 
CH-1233 Bcmcx (CH). 

(74) Agent: RYFFEL, Rolf; Hcpp, Wenger & Ryffel AG. Friedtal- 
weg 5, CH-9500 Wil (CH). 



(81) Designated States: AL, AM, AT. AU. AZ. BA, BB, BG, BR. 
BY. CA, CH. CN. CU. CZ, DE DK. EE. ES. FI. GB, GB 
GH. HU, IL. IS, JP, KE, KG, ICP. KR, KZ. LC. LK. LR. 
LS, LT, LU, LV. MD, MG. MK, MN, MW, MX. NO, NZ, 
PL, PT, RO. RU. SD. SE, SG, SI. SIC. TJ, TM. TO. TT, 
UA, UG. US, U2, VN, YU, ARIPO patent (GH. KE, LS. 
MW, SD, S2, UG), Eurasian patent (AM, AZ. BY, KG. KZ, 
MD, RU. n, TM), European patent (AT, BE. CH. DE. DK, 
ES, FI. FR, GB. GR, IE, TI, LU. MC, NL. FT. SE). OAPI 
patent (BF, BJ, CF, CG. a. CM. OA. ON. ML. MR. NE. 
SN, TD, TG). 



Published 

With international search report. 



(54) Title: PHA1U4ACEUTICAL COMPOSmONS CONTAINING BUFFERED ORTHO ESTER POLYMERS 
(57) Abstract 

The present invention relates to a phannaceutical composition for the controlled release of therapeutic agenu ftom carboxylic acid 
oitho ester polymcis. The composition contains a phaimaceutically acceptable salt of an add. which together with the acid Ri-COOH being 
liberated from die decomposition of the ortho ester polymer (0 forms a buffer system in a physiologically acceptable pH-range. 







FOR THE PURPOSES OF INFORMATION ONLY 






Codes used to identify States paxty to the PCT on the front pages 


of pami^lets publishins international 


applications under Che PCT. 










AM 


AnncpU 


GB 


UniGed Kaigdom 


MW 


Milmri 


AT 


Anstfia 


GE 


Geocgift 


MX 


Mexico 


AU 


AuitnlU 


GN 


Guinea 


NB 


Niger 


BB 


Btfbadot 


GR 


Gneoc 


NL 


Mcchcriandi 


BS 


Buildup 


RU 


Hufigiiy 


NO 


Nonvay 


BF 


BufUuftio 


IE 


iTBlaad 


NZ 


New Zealand 


BG 




IT 




PL 


rowMi 


BJ 




JP 


Japn 


PT 


Portvgal 


BR 


Biuil 


KE 


Kcnyi 


RO 


Romania 


BY 


Behrui 


KG 


Kyifysun 


RU 


Ruttian Pedeiaiion 


CA 


CamdA 


KP 


Democmk PMpfe's Republic 


SD 


Sudan 


cr 


CMnl Afrktd RepobUc 




ofKflita 


SE 


Sweden 


CC 




KR 


RqMblicofKoiM 


SG 


Singapoie 


CH 


SwilwlMd 


KZ 


iUxakhsun 


SI 


Stovcoia 


a 


COie d'lvone 


U 


LiCLhicHWcin 


8K 


Slovafcn 


CM 


Ctmctooii 


LK 


SriUnka 


SN 


Senegal 


CN 


Chin 


LR 


Libeiia 


sz 


Swaziland 


CS 


Czachotlovakim 


LT 


Lithoioia 


TD 


Chad 


CZ 


Cndi Rcpoblk 


LU 


LincnbcNif 


TO 


Togo 
T^jUditM 


DB 


Geimuy 


LV 


Latvia 


TJ 


DK 


DdUBIffc 


MC 


Monaco 


TT 


'Mnidad and Tobago 


EE 


Bitonia 


MO 


Republic of Moldova 


VA 


Uknioe 


BS 


Spain 


MO 


Madapicar 


U 


Uganda 


FI 


Fmland 


ML 


Mali 


US 


United Stiiet of America 


FR 


Fanec 


MN 


Mongolia 


uz 


UzbeUu 


GA 


OiboD 


MR 


Manritmia 


YN 


Viet Nam 





wo 97/32606 



PCT/EP97/00906 



■1 - 



Phanmaceutical Compositions Containing Ruffered Orthn gster Pn\ym^f <f 

The present invention relates to a phamiaceutical composition for ttie controtled release of 
therapeutic agents from cartwxylic acid ortho ester polymers and to a process for the 
preparation of said phamiaceutical compositions. 

Bacttoround of the inventinn 

Carboxylic acid ortho ester polymers consisting essentially of monomer repeating units of 
the partial formula 



wherein R, represents hydrogen or CM-allcyl and A represents a hydrocarbon chain of the 



wherein R., und Re independently of one another represent hydrogen orC,-,-all<yl. and m 
and n independently of one another represent zero or integers from one to three; methods 
for preparing such ortho esters and their utiiity as carriers in so-cailed controlled release 
pharmaceutical compositions have been disclosed in Published International Patent 
Application (WO) 91/03510, Internationa PutdkaUon Date: Aug. 23. 1990 

The slow hydrolysis of these carboxyiic add ortho ester polymers and the controiled release 
of therapeutic agents from the polymer matrix has been disclosed in Published International 
Patent Application (WO) 93/00383, International PubBcation Date: June 18, 1992. Under 
physiologically acceptable conditions of pH 7.4, the hydrolysis of the ortho ester polymer (I) 
has been observed. This hydrolysis could fomially be regarded as the reversal of the 
polymerisation step, whereupon a triol of the fomiula 




fomiula 




OH 



OH-A — OH 



(II) 
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is generated and the acid RrCOOH is being liberated. When an carboxylic acid ortho ester 
polymer consisting essentially of monomer repeating units of the partial formula 



is hydrolyzed, the acid CHsCOOH is liberated. Upon progressive hydrolysis of the ortho 
ester polymers, an increasing amount of carboxylic acids RiCOOIH is being liberated. This 
causes a decrease of the pH-level in*vitro from values of about 6.5 to 4.5 to even lower 
values in 1 -5 days depending on the moleclur weight of the polymer. 

This decreasing pH-level renders pharmaceutical compositions or administration systems 
containing the above-mentioned carboxylic acid ester ortho ester polymers less feasible for 
various types of administration, especially intramuscular, subcutaneous and intraocular 
administration, since it has firmly been established that the Injection of a formulation with an 
acidic pi-1 could trigger inflammation, of. Sekizawa etaL, J. ToxicoL Sd. 19, 25-35 (1994). 

The addition of a base to achieve neutralization is deemed unsuitable, since basic 
substances produce a local pH level above 8 at the site of addition. This is not acceptable 
for Implants and for various modes of administration, especially intravenous and Intraocular 
administration. 

Qbtects pf the Invention 

Accordingly, the problem to which the present invention relates may be defined as follows: It 
Is desirable to provide a phamiaceutical dosage form for the controlled release of active 
agents from carboxylic acid ortho ester polymers. To solve this problem, It is necessary to 
maintain the pH-level in a physiologically acceptable constant range between 5.0 and 7.5. 

This problem has been solved by adding a phannaceutically acceptable salt of an acid, 
which together with the acid being liberated from the decomposition of the carboxylic acid 
ortho ester polymer (1) fomns a buffer system in a physiologically acceptable pH-range. 
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The present invention, therefore, relates to a pham«ceutical composition for the controlled 
release of therapeutic agents from a polymer comprising- 

a) the therapeutic agent or a combination of therapeutic agents to be administe.Bd. 

b) a«oero<««ecart«x^icacidorthoesterpo.ymerconsisttngessenUalZ^^^ 
repeating units of the partial fomiula ^ 



"-C— (CHJ^C— (CHJ.- (I A). 



« luither phamaceutically acceptable Mmm: mHa 
e)«()lianiiaceullca«yacceplatile canter fcjuld. 

1^ Pton,aceu„ca, ccn,posl«oo Is smt,. -or taptaB aM .to (o,«rtcus M« 
espe^aiv pareme™. ad„.„M«.o„ by ^jecfca ^ 

■-»»-.h.«K,aoen,«»„W«..«^„^^^^ 
«*«siralioii is deemed necessaiy. «= >rom me site ol 
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The general terms used throughout the specification of this Invention are preferably defined 
as follows: 

The term phamiaceutical composlUon defines a mixture containing the therapeutic agent or 
combination of therapeutic agents to be administered In the selected dosage iom to a host 
In a therapeutic method of Ueating the disease or condition indicated, intramuscular and 
intraocular administration of the pharmaceutical composition are particularly preferred. 



(^^rppnnent a) 

The tem, therapeutic agent as used herein is Intended to define a compound or compos.t.on 
of matter which, when administered to a human being or an animal. Induces a desired 
phamiacological and/or physiological eHect by local and/or systemic action. In ger«ral. this 
temi includes therapeutic or piophylaoUc agents In aU major therapeutic/ prophylactic areas 
of medldne. Suitable therapeutic agents Include the following phamiaceutical agents: 
antiinflammatory agents, for example dexamethasone. sodium dexamethasone sulfate, 
hydrocortisone or prednisolone, coronary dilators, for example nifedipine, isosorbitol 
dinltrate. nittoglycertne. diltiazem. trapidll. dipyridamole or dilazep. prostaglandins, for 
example prostaglandin E,. E. or F«. peripheral vasodilators, for example Ifenprodil. cine- 
pazet maleate. cydandelate. dnnarizine or pentoxyphylline. antibiotics, for example 
amplclllin. amoxydUln. cephalexin, cephradine. cefroxadin. cefador. erythromydn. bacamp.- 
dUln. mlnocydine or chloramphenicol, antispasmodics, for example propantheline, atropine 
or scopolamine, antitussives and antiasthmatics, for example tiieophylllne. amlnophylHne. 
methylephedrine. procatediol. tnmethoqulnol. codeine, dofedanolol or dextromethorphan, 
diuretics, lor example furosemlde or aoetazolamide. musde relaxants, for example diior- 
phenesm carbamate, tolperison, eperlson or baclofen, mild tranqullisers. for example 
oxazdam. diazepam, dotiazepam. medazepam. temazepam or fludlazepam. potent 
tranqullisers. for example sulpiride, clocapramine or zotepin. beta-btodcers. for example 
pindold. propranolol, carteolol. oxprendd. metoprolol or labetalol. antiant^ythmlcs. for 
example procainamide, disopyramide. ajimalin or quinldlne. antigout agents, sudi as 
allopurinol. anticoagulants, sudi as ticlopidine. antiepilepUcs. for example phenytoln or 
valproat. antihistamines, for example dilorphenlramlne. demastine, mequttazlne. 
alimemazine. cyproheptadine, agents for treating nausea and dizziness, for example 
diphenidol. methodilopromlde. domperldone orbetahlstine. antihypertensives, for example 
reserpine. resdnnamlne. methyldopa. prazosin, donldlne or budralazln, sympathomimetics. 
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for example dihydroergotamine, isoproterenol or etilefrin, expectorants, for example brom- 
hexine» cart)ocl5teine, L-ethylcysteine or L-methylcysteine, oral antidiabetics, for example 
gllbenciamide or tolbutamide, cardiovascular agents, for example ubidecarenon or 
adenosine. 

Ttierapeutic agents can be converted into phamiaceutically acceptable sails, for example 
Into a hydrobromide, hydrochloride, mesylate, acetate, succinate, lactate, tartrate, f umarate, 
sulfate or maleate salt. 

Preferred therapeutic agents are immunosuppressants, such as cyclosporin, cytostatics, 
such as edatrexate (10-EDAM), doxombidn, cytarabine. trifosamide, cyclophosphamide, 
fluorouradl or methotrexate and zinc phthalocyanine as well as water-soluble sulfo deriva- 
tives of phthalocyanine. for example tetrasulfophthalocyanine, which can be used in photo- 
dynamic chemotherapy. 

The therapeutic agents mentioned above are present in the pharmaceutical composition 
either as individual agents or in fixed combinations with other therapeutic agents. The dose 
administered is the dose prescribed for each agent, the mode of administration Intended 
and the disease and condition indicated forttierapy. 

in prefen-ed embodiments of the invention, therapeutic agents are administered by 
subconjunctival and intraocular injection, such as 5-fluorouracil (5-FU) and mitomycin, after 
glaucoma filtering surgery; 5-FU or dexamethasone for the treatment of proliferative 
vftroretinopathy, by subcutaneous and Intramuscular Injection, such as naltrexone as 
narcotic antagonisms; insulin forireatment of diabetes mellitus, norethlsterone and 
levonorgestrel as contraceptive agents; demlneralized bone matrix and bone graft agents 
for bone formation; 5-FU and naltrexone for the treatment of tumors, pyrimethamine or 
halofantrine for prophylaxis of malaria, homosulphanilamid for the treatment of burned skin, 
or tetracycline for periodontal Injection. 

Component h\ 

A suitable bloerodlble carboxyllc add ortho ester polymer present In the pharmaceutical 
composition consists essentially of monomer repeating units of the partial formula 
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(I). 



wherein Ri represents hydrogen or Ci^-alkyJ and A represents a hydrocarbon chain of the 
fomiula 



wherein R,, Rb und Rc independently of one another represent hydrogen or CM-alkyI, and m 
and n independently of one another represent zero or integers from one to three; 

A particularly preferred cart>oxylic acid ortho ester polymer present in the phamiaceutlcal 
composition consists essentially of monomer repeating units of the partial formula 



The term bioerodible as used herein to describe the properties of the defined ortho ester 
polymers is synonymous with the temi biodegradable. These tenns denote the property of a 
body of solid or semisolid polymers to undergo degradation, erosion and solubilization as a 
result of hydrolysis of labile linkages at the physiological conditions of use. 

Monomer repeating units of the partial formula I are structurally recurring units or monomer 
units of the carboxylic acid ortho ester polymers provided by the present invention. The 
monomer repeating units may be the same or different; when different, they may be ar- 
ranged in block sequential order or random fashion. When all monomer repeating units are 
the same or identical, the polymer is called a homopolymer. When there are 2 or more 
different monomer repeating units in a polymer, the polymer is called a copolymer. The 
present invention comprises pharmaceutical compositions containing copolymers and 
homopolymers. Homopoiymers are particularly preferred. 

In the monomer repeating units of the partial formula (I) Ri represents hydrogen or 
Ci^-alkyl, e.g. methyl, ethyl, n- or isopropyl or n-butyl. Methyl is particularly preferred, in 
ortho ester polymers wherein Ri represents methyl, acetic acid Is liberated upon hydrolysis 
of the polymer. 
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In a hydrocarbon chain of the formula 




FU. Rb and Rc preferably represent hydrogen. One or two of R., R^ and Rc may represent 
hydrogen and the other(s) Ci^-alkyt. particularly methyl. In the alternative, R.. Ri, and Rc 
may all represent identical or different C^-alkyl groups. The parameters m and n indepen- 
dently of one another represent zero or integers from one to three; m preferably Is zero and 
n preferably is three. 

The preparation of the carboxylic acid ortho ester polymers Is known and comprises the 
following steps: A trio! of the formula 



wherein A represents the alkylene chain of the fonnula lA defined above, is reacted under 
the conditions of a condensation reaction with a cartwxylic acid ortho ester of the formula 



Oalk 

wherein Oalk represents the C^-alkoxy group and Ri is as defined above, to give an ortho 
ester polymer consisting essentially of monomer repeating units of the partial formula 



wherein A represents the alkylene chain of the formula lA. 

The synthesis reaction of the ortho ester monomer (III) and the trfol (II) is carried out neat or 
in an aprotic solvent such as tetrahydrofuran (THF), cyclohexane, ethylene glycol dimethyl 
ether (glyme) or the like. Typical concentrations of the reactants may range from essentially 
100% (neat) down through about 10% by weight or lower, when solvent is used. The 
presence of anhydrous conditions is maintained. The reaction can be carried out under 
reflux conditions and thus, depending upon the solvent, at temperatures in the range of 50- 
IWC. preferably 50-90'C. The approximate molar ratio of the reactants is about 1:1. It is 



OH 

OH-A— OH 




Oalk 
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typically preferred to carry out the reaction in the presence of an acid catalyst. Examples of 
suitable acid catalysis include p-toluenesulf onic acid and methanesulfonic add. The amount 
of acid catalyst can range from 0% (based on Its optional presence) to about 1% molar 
(based on the amount of triol present). 



A preferred synthesis comprises reacting under the conditions of a condensation reaction 
mentioned above the triol oT the formula 
CHrCH-W-CH, 

OH OH OH 

with the acetic acid ester of the formula 

Oalk 
CHj— ^Oalk 

wherein Oalk represents the Ci^-allcoxy group, to give an acetic acid oitho ester polymer 
consisting essentially of monomer repeating units of the partial fomnula 



-^0-0 O— L-(CH,)^ 



Component c\ 

A phamfiaceutically acceptable salt of an acid» which together with the acid RrCOOH being 
liberated from the decomposition of the ortho ester polymer (I) forms a buffer system in a 
physiologically acceptable pH-range, is defined by the definition of Ri in the ortho ester 
polymer (i). The pH-Ievel In a physiologically acceptable range is between 6.5 and 7.5. The 
pH of 7.5 must not be exceeded when intraocular or intramuscular administration Is 
intended. 



When Ri Is hydrogen, formic acid will be Hberated upon hydrolysis of the ortho ester poly- 
mer (I). A suitable pharmaceutically acceptable salt of formic acid Is, e.g. sodium or 
potassium formlate. When Ri is methyl, acetic add wifl be liberated upon hydrolysis. A 
pharmaceutically acceptable salt of acetic add is, e.g. sodium or potassium acetate. 

When Ri is ethyl, n-propyl or n-butyl, the corresponding Ca-, C4-, or C^-carboxylic acids will 
be liberated upon hydrolysis. Preferred pharmaceutically acceptable acids of these acids 
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are the sodium salts. The addition of pharmaceuticalty acceptable salts of other acids is 
also possible. Their structure is unrelated with the group Ri in the ortho ester polymer (I), 
but these salts also form together with the acid RrCOOH being liberated from the 
decomposition of the ortho ester polymer (I) a buffer system in the physiologically 
acceptable pH-range defined above. Such salts are, for example, sodium citrate, salts from 
amino acids, sodium ascorbate, glycoiate, lactate, tartrate, maleate, fumarate, maleinate, 
succinate, benzoate and others. 

Pharmaceutically acceptable salts of the acids defined above have the particular advantage 
of buffering the pharmaceutical composition on acceptable pl4-levels. In the beginning and 
in all subsequent stages of the hydrolytic decomposition of the ortho ester polymer (I) 
biocompatibllity is maintained. Initial raises of the pH-level when decomposition begins, to 
basic pH-levels and subsequent lowering to acidic pH-levels is avoided. 

The amount of the salt added Is determined by the amount of the ortho ester polymer pre- 
sent In the phamfiaceutical composition. The addition of molar equivalent amounts of salt is 
prefen-ed. For each molar amount of acid liberated, the addition of a molar amount of the 
above-defined salt is suggested. The salt may also be added in less than equivalent and 
excess amounts, e.g. up to 2 molar equivalents. 

Suitable phannaceuticatly acceptable additives are determined by the dosage fonn for the 
intended mode of administration, e.g. parenteral administration. A preferred mode of 
administration is especi^dly intramuscular and subcutaneous, but also topical, e.g. ocular. 

Additives for topical fomiulations are listed in standard textbooks, e.g. Remington's 
Pharmaceutical Sciences or IHagers Handbuch dec Phannazeutischen Praxis, Topical 
formulations are In particular creams, ointments, gels, pastes or topically administered 
aerosols and also suspensions of nanoparticles or ophthalmic compositions. Suitable 
additives for topical and especially ophthalmic compositions are In particular inert carriers, 
solubilizers, tonldty-increasing agents, buffer substances, preservatives, thickeners, and 
other adjuncts. Such additives are e.g. vegetable oil, mineral oil containing hydroxyethyl 
cellulose, ethyl oleate, carboxymethyl cellulose, polyvinylpyrrolidone, and other non-toxic 
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water-soluble polymers intended for ophthalmic use. e.g. cellulose ethers such as methyl 
cellulose, alkali metal salts of carboxymethyl cellulose or hydroxymethyl, hydroxyethyl. or 
hydroxypropyl cellulose, acrylates or methacrylates such as salts of polyacrylic acid or ethyl 
acrylate, polyacrylamides. natural products such as gelatin, alginates, pectins, tragacanth, 
karaya gum, xanthan gum, carrageenan. agar or acacia, starch derivatives such as starch 
acetate and hydroxypropyl starch, and also other synthetic additives such as polyvinyl 
alcohol, polyvinylpyrrolidone, polyvinyl methyl ether, polyethylene oxide, preferably 
crossiinked polyacrylic acid, such as neutral Carbopor or mixtures of these polymers. 

Tonicity-enhancing agents are, for example, ionic compounds, such as alkali metal or 
alkaline earth metal halides, e.g. CaCla. KBr, KCI, UCI, Nal, NaBr, or NaCI. or boric add. 
Non-Ionic tonlclty-enhancing agents are, for example, urea, glycerol, soititol , mannitol. 
propylene glycol, or dextrose. Sufficient tonlcity-enhancing agent is added that the oph- 
thalmic composition has an osmolality in a preferred range of about 50 to 400 mOsmol. 

Examples of preservatives are quaternary ammonium salts such as cetrimlde. benzalk- 
onium chloride, alkylmercury salts of thtosalicylic add such as thiomersal, phenylmercury 
nitrate, acetate, or borate, parabens such as methylparaben or propylparat»en, alcohol, e.g. 
chlorobutanol, benzyl alcohol, or phenylethanol, guanidine derivatives, e.g. chlorhexidine, or 
pdyhexamethylenebiguanide. or sorbic acid. If desired, the amount of presen/ative which is 
necessary to ensure sterility is added to the ophthalmic composition. 

Component 

A suitable pharmaceutically acceptable carrier Pquid is defined by the intended mode of 
administration. If intramuscular administration is intended, oily carrier liquids, such as 
propylene glycol, polyethylene glycol, sesame oil or olive oil, but also ledthin, may be 
added. Camer liquids are particularly preferred when intramuscular, or intraocular 
administration is intended. The canler liquid ethanot, if desired, Is added in the degree of 
purity (96 %) prescribed for Injection formulations in accordance with the regulations of 
national pharmacopoeias, such as The U.S. Pharmacopoeia (USP) or Deutsches 
Arzneibuch (DAB). The proportion of ethanol can vary within wide limits from approximately 
1 % to approximately 50 %, preferably from approximately 1 % to approximately 10 %. The 
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carrier liquid water has the degree of purity prescribed for intravenous administration and is 
germ- and pyrogen-free in accordance with the regulations of the national pharmacopoeias. 

Preferred embodiments of the Invention 

The present invention particularly relates to a phamiaceutlcal composition comprising: 

a) the therapeutic agent or a combination of therapeutic agents to be administered; 

b) a bioerodible carboxylic acid ortho ester polymer consisting essentially of monomer 
repeating units of the partial formula 



o— "-(CH,)£[-(I') 



c) a pharmaceulically acceptable salt of an acid, which together with the add CHaCOOH 
being liberated from the decomposition of the ortho ester polymer (!') fomfis a buffer system 
in a physiologically acceptable pH*range; and, optionally. 

d) further pharmaceutically acceptable additives. 

An especially preferred embodiment of the invention relates to a pharmaceutical 
composition comprising: 

a) the therapeutic agent or a combination of therapeutic agents to be administered; 

b) a bioerodible carboxylic ortho ester polymer consisting essentially of monomer repeating 
units of the partial formula (!'); 

c) the alkali metal salt X^CHaCOO', which together with the acid CH3COOH being liberated 
from the decomposition of the ortho ester polymer (!') forms a buffer system In the 
physiologically acceptable pH-range of 5.5 - 7.5; and. optionally. 

d) further pharmaceutically acceptable additives. 

A highly preferred embodiment of the Invention relates to a phamfiaceutical composition 
comprising: ' 

a) the therapeutic agent or a combination of therapeutic agents to be administered; 

b) a non-rigid, bioerodible ortho ester polymer consisting essentially of monomer repeating 
units of the partial formula (r); 

c) the sodium salt NaXHaCOO", which together with the add CH3COOH being liberated 
from the decomposition of the ortho ester polymer (I'), forms a buffer system; 



SUBSTITUTE SHEET (RULE 26) 



wo 97/32606 



PCT/EP97/00906 



-12- 

d) further pharmaceutically acceptable additives suitable for intraocular administration. 

The present invention also relates to a process for the preparation of the above-mentioned 
pharmaceutical composition which process comprises preparing a non-rigid, bioerodible 
ortho ester polymer consisting essentially of monomer repeating units of the partial formula 
(I) mentioned above; and adding and mixing, in any order of the subsequent process steps, 
component a), the therapeutic agent or a combination of therapeutic agents to be admini- 
stered; component c). a pharmaceutically acceptable saft of an acid, which together with the 
acid RrCOOH being liberated from the decomposition of the ortho ester polymer (I), fomis 
a buffer system in a physiologically acceptable pH-range; and, optionally, component d). 
further pharmaceutically acceptable additives; and/or component e), a pharmaceutically 
acceptable carrier liquid. 

Mxing can be effected by vigorous shaking when using a dispersing machine, for example 
a Vortex mixer, or using dispersing machines produced by lICA (Staufen, Germany), a static 
mixer and conventional stirring machines having a propeller or paddle blade or using a 
magnetic stirrer or phase mixer. In order to obtain an especially homogeneous mixture, 
stirring is carried out at high speed. Approximately from 0.1 to 50 % by weight of the 
constituents (without the water component), based on the total weight of the mixture, 
preferably approximately from 2 to 20 % by weight, can be dispersed in the carrier liquid. 

The following Example illustrates the invention: 
a) synthesis of the ortho ester polymer 

34.68 g (300 mMoi) of trimethyl ortho acetate (99 % - Aldrich Chemie, Steinheim Germany) 
are mixed under anhydrous conditions with 40.25 g (300 mMol) of 1 ,2,6-hexanetriol (98 % - 
Aldrich). The mixture is introduced into a round bottom flask, placed on a magnetic stirrer 
with 400 ml of cyclohexane added. The reaction is catalyzed by the addition of 25 mg p- 
TSA: p-toluenesulfonic add (Fluka). The reaction flask is equipped with a distillation column 
and heated to 120*^0 under argon atmosphere and vigorous stirring. In a first step, the reac- 
tion by-product methanol is removed at S4^C during the first 4 h of the distillation. In a se- 
cond step, the temperature at the column head climbs above 54X. The distillation flow is 
decreased and the solution is heated for an additional 6 h until the boiling point of 81 Is 
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reached. The solution then is cooled to room temperature, and 10 drops of triethyiamine 
(Fluka) are added to neutralize the add catalyst Excess solvent is pured off and the poly- 
mer Is dried overnight under vacuum at 40''C. The polymer Is then purified by dissolution In 
100 ml of tetrahydrofurane (THF) and and precipitation In 500 ml anhydrous methanol con- 
taining 10 drops of triethyiamine. After separating off the solvent, the polymer Is dried under 
high vacuum for 48 h. An 0.2 \l air filter is added during the solvent evaporation in order to 
avoid air contamination when the vacuum is brol<en. No bacterial growth has been obsen/ed 
after 48 h of incubation of test samples at 37X. 

b) preparation of the drug loaded polymer 

A 5-fluorouracil (5-FU) loaded polymer is prepared by mixing under laminar flow 25 mg of 
gamma-sterilized (2.0 Mrad) S-FU and 12.5 mg of sodium acetate and dispersing the 
mixture with 2.5 g of asepticaiiy prepared poly ortho ester polymer. This mixture is suitable 
as implant or for Intraocular administration. 

c) plH determination . 

The pH was measured during hydrolysis of the ortho ester polymer In order to assess the 
decrease of pH induced by the release of acetic add. 

1g (w/w) ortho ester polymer (POE) and 10ml 0.9% sodium chloride solution were placed in 
an Incubator (Haling, Aigle. Switzertand) at SZ'^C under light shaking (100U/min). The pH 
measurements were taken every days during the first week and then every week until 
degradation was complete, with a pH-meter Mettier DL25 (Nftnikon-Uster, Switzerland) and 
a combined pH-glass microelectrode. 

Some results are shown In the accomDanvIng drawing in which 

Figure lis a graph showing pH profiles of the POE containing S-FU. with or without addi- 
tion of sodium acetate, and 

Figure 2 is a graph showing 5-FU release profiles with and without addition of acetate. 

As shown in Figure 1 stabilization of the pH level between 5 and 6 Is observed upon 
addition of sodium acetate, without addition of acetate the pH level falls below 4 after 
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one week, and thereafter further to 2.5. 

Figure 2 shows that the release of 5-FU is only siightly affected by the adjunction of 0.5% 
sodium acetate. 
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Claims 

1. A pharmaceutical composition for the controlled release of therapeutic agents from a 
polymer matrix comprising: 

a) the therapeutic agent or a combination of therapeutic agents to be administered; 

b) a bioerodible carboxylic acid ortho ester polymer consisting essentially of monomer 
repeating units of the partial fomiuia 



wherein Ri represents hydrogen or CM*alkyl and A represents a hydrocarbon chain of the 
fomnula 



wherein Ra, Rd und Rc independently of one another represent hydrogen or Ci^-alkyl, and m 
and n independently of one another represent zero or integers from one to three; 

c) a pharmaceutlcally acceptable salt of an add, which together with the acid Ri-COOH 
being liberated from the decomposition of the ortho ester polymer (I) fomis a buffer system 
in a physiologically acceptable pH-range; and the following optional components: 

d) further pharmaceutlcally acceptable additives; and/or 

e) a pharmaceutlcally acceptable carrier liquid. 

2. A pharmaceutical composition according to daim 1 comprising: 

a) the therapeutic agent or a combination of therapeutic agents to be administered; 

b) a bioerodible carboxylic acid ortho ester polymer consisting essentiaOy of monomer 
repeating units of the partial formula 



c) a phamiaceutically acceptable salt of an add, which together with the acid CH3COOH 
being liberated from the decomposition of the ortho ester polymer (r) fomis a buffer system 
in a physiologically acceptable pl-l-range; and, optionally, 
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d) further pharmaceutically acceptable additives. 

3. A pharmaceutical composition according to claim 2 comprising: 

a) the thempeutic agent or a combination of therapeutic agents to be administered; 

b) a Uoerodible carboxyilc ortho ester polymer consisting essenttally of monomer repeating 
units of the partial foimula (I'); 

c) the alkali metal salt X'CHdCOO", which together with the acid CH3COOH being liberated 
from the decomposition of the ortho ester polymer (!') forms a buffer system in the 
physiologicaily acceptable pH-range of S.S - 7.5; and. optionally. 

d) further pharmaceutically acceptable additives. 

4. A pharmaceutical composition according to claim 3 comprising: 

a) the therapeutic agent or a combination of therapeutic agents to be administered; 

b) a non-rigid, bioerodible ortho ester polymer consisting essentially of monomer repeating 
units of the partial fomiula (!'); 

c) the sodium salt Na^CHaCOO'. which together with the add CHaCOOH being liberated 
from the decomposition of the ortho ester polymer (!'), forms a buffer system; 

d) further pharmaceutically acceptable additives suitable for intraocular administration. 

5. A process for the preparation of the phamiaceutical composition according to claim 1 » 
which comprises reacting under the conditions of a condensation reaction a triol of the 
formula 



wherein A represents the alicylene chain of the formula lA defined in dalm 1 . with a 
carboxyilc add ortho ester of the formula 



Oalk 

wherein Oalk represents the C,^-alkoxy group, to give a carboxyilc add ortho ester polymer 
consisting essentially of monomer repeating units of the partial formula 



OH 

OH-A — OH t*"'* 




Oalk 




SUBSTITUTE SHEET (RULE 26) 



wo 97/32606 



PCT/EP97/D0906 



Wherein A represents the alkylene chain of the formula lA defined In dalm 1: and adding, in 
any order of the sut)sequent process steps, component a), the therapeutic agent or a 
combination of therapeutic agents to be administered; component c), a phamiaceutically 
acceptable salt of an acid, which together with the acid R,^OOH being liberated from the 
decomposition of the ortho ester polymer (I), fomis a buffer system in a physiologically 
acceptable pH-range; and. optionally, component d), further pharmaceutically acceptable 
additives; and/or component e). a phamnaceutically acceptable carrier Uquld. 

6. A process for the preparation of the pharmaceutical composition according to daim 5, 
wWch comprises reacting under the conditions of a condensation reaction the triol of the 



wherein Oalk represents the Cw-alkoxy group, to give an ortho ester polymer consisting 
essentially of monomer repeating units of the partial fomiula 



and adding. In any order of ttie subsequent process steps, component a), ttie therapeutic 
agent or a combination of Uierapeutic agents to be administered; component c). a pharma- 
ceutically acceptable salt of an add. which together with ttie add CHaCOOH being liberated 
from the decomposition of the ortho ester polymer (r), fomis a buffer system In a physio- 
logically acceptable pH-range; and. optionally, compnent d). further phamiaceutically 
acceptable additives; and/or component e). a phannaceutically acceptable carrier liquid. 

7. A process according to daim 6. whidt comprises adding component c). the alkali metal 
salt rCHaCCX)-. whidi together with the add CH^H being liberated from the 
decomposition of the ortho ester polymer (!•) forms' a buffer system In the physiologically 
acceptable pH-range of 5.5 - 7.5. 



fomiula 



CH,-CH-(CHJ,-CH, 
OH OH OH 
with the acetic add ester of the formula 



Oalk 
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8. A process according to claim 7, which comprises adding component c), the sodium salt 
Na^CHjCOO*. which together with the acid CHsCOOH t>eing liberated from the decom- 
position of the ortho ester polymer (1*) forms a buffer system. 

9. A pharmaceutical administration system obtainable by the process according to claim 5. 

10. A phamnaceutical composition according to claim 1 for use in a therapeutic method of 
treating the human or animal body. 
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